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TRANSMITTER SYSTEM FOR WIRELESS COMMUNICATION 
WITH IMPLANTED DEVICES 

FIELD OF THE INVENTION 

The present invention relates to digital signal transmission systems, and 
more particularly to transmitter systems for wireless communication with medical 
electrical devices implantable into a human body. 

In more particularity, the present invention relates to a transmitter system 
powered by a battery, where the resonant frequency of the transmitter circuit is 
constantly adjusted to minirnize the current consumed by the transmitter circuit in 
order to extend the battery life. 

Further, the present invention relates to a transmitter system powered by a 
discharge current of a storage capacitor which is charged with commonly 
available signals supplied to the storage capacitor via the serial port of a host 
computer. A feedback circuit is employed which keeps the current charging the 
storage capacitor at a pre-set maximum level for the duration of the charging 
time, to permit the use of the full voltage supplied by the host computer in the 
least amount of time possible to charge the storage capacitor. 

Additionally, the present invention is directed to a transmitter system for 
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programming medical electrical devices implanted into a human body which may 
use as a power source either (1) a battery along with a novel scheme for 
extending the useful battery life; or alternatively, (2) a discharge current of a 
storage capacitor charged with signals obtained from a host computer where a 
feedback circuit is employed providing for charging the storage capacitor in the 
least possible charging time consuming substantially the full potential supplied by 
the host computer. 
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BACKGROUND OF THE INVENTION 
Implanted neurostimulators are used to stimulate neural tissue to treat 
pain. By means of neurostimulation it is possible to block the pain indicating 
signals which travel to the brain. Electric pulses are passed between metal 
electrode contacts implanted into the human body and through the intervening 
neural tissue. The implanted neurostimulators, in order to be effective in pain 
treatment are adapted to be controlled by either switching the implanted device 
on/off, changing the amplitude and frequency of neuro-stimulation, or generating 
a specific stimulus pattern. 

In order to control the implanted neurostimulators a wireless data 
transmission is commonly used where the implanted neurostimulators 
communicate bi-directionally with external devices through low frequency 
electromagnetic transmissions. Typically, a device, external to the human body, 
acts as a programmer for the implanted device by transmitting radio frequency 
codes to the implanted device to program its operation. 

Such transmitters are typically powered by batteries. Maximum efficiency 
of the transmitter depends upon generating the largest current through a 
transmitter antenna coil while consuming the minimum current drained from the 



4 



battery or other power source. To provide for the efficient low power operation 
of the transmitter, a high-Q resonant LC network in the transmitter circuit is 
generally employed. However, since some of the transmitters may be placed in 
close proximity to living tissue during operation, the external influences, such as 
human body capacitance and loading effects, may tend to de-tune a high-Q 
resonant LC network in the transmitter circuit, thus deteriorating the targeted low 
power operation of the transmitter circuit. 

There has been a long lasting need in the field of neuro stimulation a way 
in which to minimize, or completely remove the de-tuning effect of the external 
influences onto the transmitter circuit in order to achieve efficient low power 
operation thereof to maximize the useful battery life. 

Another problem has existed in the field of wireless communication with 
implanted neuro stimulation devices in that portable transmitters often depend 
upon either wall adapters or host equipment as power sources. In some cases, 
however, neither source is available for the transmission device. Additionally, 
for the wireless transmitter scheme high current pulses are often needed which 
exceed the capability of low power supplies such as batteries. Therefore, a novel 
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power supply scheme for wireless medical data transmission, as an alternative to 
a battery, is desirable and long awaited in the field of the neuro stimulation. 
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SUMMARY OF THE INVENTION 
It is therefore an object of the present invention to provide a battery 
operated efficient transmitter system for medical data transmission substantially 
free of the de-tuning effects caused by external influences such as human body 
capacitance. 

It is another object of the present invention to provide a battery operated 
transmitter where efficient low power operation is achieved by providing 
feedback control of the current consumed by the transmitter circuit in order to 
adjust resonating frequency of the resonant LC network in the transmitter circuit 
once the deviation of the consumed current from a predetermined optimal level 
has been sensed. 

It is another object of the present invention to provide a battery operated 
transmitter system where the signal indicative of the current consumed by the 
transmitter circuit is read by an Analog-to-Digital converter. The output of the 
analog-to -digital converter is coupled to a microcontroller to supply thereto 
digital data corresponding to the sensed consumed current. In this manner, the 
microcontroller monitors the data and changes the resonant frequency of the LC 
network (LC tank and human body), thus reducing the current consumed by the 
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transmitter circuit to a desired pre-set level. 

It is still an object of the present invention to provide a transmitter system 
for wireless communication with implanted medical devices employing a power 
supply scheme which includes a high value storage capacitor, and uses a 
commonly available RS-232 signal of a host computer as a raw power source to 
charge the storage capacitor to full capacity in the least amount of time with 
minimal or zero losses of the voltage developed from the RS-232 signal. 

It is a further object of the present invention to provide a novel power 
supply scheme for a wireless medical data transmission including a host 
computer and a storage capacitor where a feedback circuit is employed between 
the storage capacitor and the host computer which monitors the charging current 
supplied to the storage capacitor as well as the voltage impressed across the 
storage capacitor in order to maintain the charging current at a pre-set maximum 
level for the duration of the charging time, and in order to terminate charging 
once the voltage impressed across the storage capacitor reaches predetermined 
values. 

According to the teachings of the present invention, a transmitter system 
for wireless communication with a medical device implanted into a human body, 



includes: 

a transmitter circuit with a resonant network oscillating at a 
resonant frequency to generate signals for transmission to the medical device, 

a current sensing unit coupled to the transmitter circuit for sensing 
current consumed by the transmitter circuit, and 

a controller generating and outputting a drive signal to the 
transmitter circuit to control the resonance frequency thereof. The controller is 
coupled to the current sensing unit to monitor the sensed current and to change 
the drive signal to adjust the resonance frequency of the transmitter circuit once 
the sensed current exceeds a predetermined current value in order to minimize the 
current consumed by the transmitter circuit. 

Preferably the current sensing unit in the subject transmitting system is an 
Analog-to-Digital converter and the controller is a microprocessor. 

The transmitter circuit includes first and second pairs of switches forrning 
an H-bridge coupled to the resonant network. The drive signal generated by the 
controller is fed to said switches of said H-bridge to control switching thereof 
which permits controlling the resonant frequency of the resonant network. 

The drive signals include first pulses and second pulses generated with a 
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time interval therebetween in a manner whereby the first pulses are fed to the first 
pair of switches and the second pulses are fed to the second pair of switches. 

The interval between said first and second pulses corresponds to a natural 
resonance frequency of the resonant network when the sensed current remains 
below the predetermined current value. However, upon the sensed current 
exceeding the predetermined current value, the controller changes the interval 
between said first and second pulses to deviate the resonant frequency of the 
resonant network from the natural resonant frequency thereof to decrease the 
sensed current to the value below the predetermined current value. 

The interval between the first and second pulses may be equal to sub- 
multiples of the natural resonant frequency. 

The transmitter system of the present invention can be powered by a 
battery supplying current to the transmitter circuit, or, alternatively by a novel 
power supply block. The power supply block includes: 

a current limit switching circuit coupled to the serial port of a host 

computer, 

a storage capacitor coupled between an output of the current limit 
switching circuit and said transmitter circuit (the storage capacitor being charged 
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with charging current supplied from the host computer through the current limit 
switching circuit and the storage capacitor supplying discharging current 
therefrom to the transmitter circuit), and 

a feedback circuit coupled between the storage capacitor and the 
current limit switching circuit. 

The feedback circuit preferably includes: 

an analog-to-digital converter coupled to the storage capacitor to 
monitor the voltage across the storage capacitor and the charging current supplied 
thereto, and 

a microprocessor coupled between the output of the analog-to- 
digital converter and the current limit switching circuit. The microprocessor 
compares the monitored voltage across the storage capacitor and the charging 
current with a predetermined voltage limit value and the predetermined current 
limit value respectively, and switches the current limit switching circuit to an 
appropriate limiting resistor therein once the voltage limit value has been 
reached, or upon the current falling below the predetennined level. 

Preferably, the microprocessor establishes a switching hysteresis to 
prevent switch chatter at the crossover points. 
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The transmitter system of the present invention may also combine the 
principles of low power operation and the principles of power supply block fed 
by signals from the host computer. 

These and other novel features and advantages of the subject invention 
will be more fully understood from the following detailed description of the 
preferred embodiment in conjunction with the accompanying Drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a block diagram of the transmitter system of the present 
invention; 

FIG. 2 is a detailed block diagram of the battery powered transmitter 
circuit of the present invention; 

FIG. 3 is a timing diagram showing the correspondence between the 
carrier signal generated at the transmitter circuit and modulating pulses Fl and 
F2; 

FIG. 4 is a block diagram of the transmitter system of the present 
invention showing the power supply block of the present invention; 

FIG. 5 is a detailed block diagram of the current switching circuit of the 
novel power supply block of the present invention; 

FIG. 6 is a flow chart diagram of the algorithm, in accordance with which 
the microprocessor selects appropriate limiting resistors; 

FIG. 7 is a timing diagram of the voltage impressed across the storage 
capacitor; and 

FIG. 8 is a timing diagram showing charging current of the storage 
capacitor. 
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DESCRIPTION OF THE PREFERRED EMBODIMENT 
Referring to FIG. I, a transmitter system 10 of the present invention is 
positioned externally to an implanted device 12 and is separated therefrom by a 
barrier 14 which for a particular application of the transmitter system 10 are the 
tissues and skin of a human body, i.e., of a patient using the implanted device 12. 
For communication between the transmitter system 10 and the implanted device 
12, the transmitter system 10 is provided with an antenna 16 which radiates a 
carrier signal modulated by an information signal towards antenna 18 of the 
implanted device 12. 

The implanted device 12 may perform a plurality of functions, including 
tissue stimulation, sensing and monitoring the body parameters, as well as other 
parameters. Regardless of the type of function performed by the implanted 
device 12, it receives coded information, such as on/off switching, frequency and 
amplitude of stimulation, stimulation pattern, etc., from the transmitter system 10. 
Typically, transmitters for neurostimulation are formed as miniature "remote 
control" devices powered by a battery. It is of extreme importance to effectively 
use current provided by battery in order to extend the useful life thereof. 

In order to provide efficient low power operation and maxirnize battery 
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life, the transmitter system 10 of the present invention uses a pulse driven high-Q 
resonant LC network with feedback frequency control to generate a carrier signal 
which may transmit digital data using any form of amplitude modulation to the 
antenna 18 of the implanted device 12 for programming same. Referring to 
FIGS. 1 and 2, the transmitter system 10 of the present invention includes a 
transmitter circuit 20 which, as best shown in Figure 2, is powered by a battery 
22 supplying current through the resistor 24 to a high-Q LC tank 26 formed of a 
capacitor 28 and an inductive coil 30 coupled in parallel and which is parallel- 
resonant at a desired transmit frequency. 

Four switches 32, 34, 36, and 38, which preferably are FET switches well 
known to those skilled in the art, are coupled to the LC tank 26 in a manner 
which forms an H-bridge. The micro -controller 40, best shown in FIG. 1, 
generates pulses <\>l and (j>2 at an interval which correspond approximately to the 
natural resonant frequency of the LC tank 26 to drive the LC tank 26 to resonate 
and output a carrier signal which is further modulated and is sent to the antenna 
18 of the implanted device 12. In this manner, the largest signal is generated 
through the coil 30 of the antenna 16 of the transmitter circuit 20 while 
consuming the minimum current drain from the battery 22, thus attaining the 
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maximum efficiency of the transmitter system 10. However, since the transmitter 
circuit 20 is typically placed in the neighborhood of the patient's body for 
programming the implanted device 12, the body capacitance and other loading 
effects tend to de-tune the high-Q LC tank 26 since a new resonant network is 
formed which consists of the LC tank 26, the human body capacitance and other 
loading structures externally influencing the LC resonant tank 26. 

The natural resonant frequency of newly formed network consisting of the 
LC tank 26 and the human body, is manually different from the natural resonant 
frequency of the LC tank 26 itself. In order to attain the maximum efficiency of 
the transmitter system 10, the transmitter circuit is to be operated at the natural 
resonant frequency of the newly formed resonant network. Since the parameters 
of the resonant network are subject to changes, for instance, when relative 
disposition of the transmitter and the human body alters, the resonant frequency 
of the resonant network must be constantly adjusted to provide oscillation of the 
resonant network at its natural resonant frequency. 

For this purpose, the transmitter system 10 of the present invention is 
provided with a closed loop control of the transmitter circuit 20 to mmimize 
battery current drain under the de-tuning condition. The feedback circuit 42, best 



16 



shown in Figure 1, includes an Analog-to-Digital converter 44 and the micro- 
controller 40. The ADC 44 is preferably a 10-bit Analog-to-Digital converter, 
which is coupled to the node 46 proximal to the resistor 24, best shown in FIG. 2, 
to measure the voltage drop across the resistor 24 which is proportional to the 
average current flowing into the resonant network. Thus, measuring the voltage 
drop across the resistor 24, the Analog-to-Digital converter 44 senses the average 
current flowing into the resonant network consisting of the LC tank 26 and the 
human body. Digital data corresponding to the average current in the resonant 
network are output from the Analog-to-Digital converter 44 and are supplied to 
the Data Input port 48 of the micro-controller 40. The firmware 50 within the 
micro-controller 40 monitors the digitized current sense signal supplied from the 
output of the Analog-to-Digital converter 44 and compares the same with a 
predetermined current value pre-set in the firmware 50. When the current sense 
signal exceeds the predetermined current value, an algorithm in the firmware 50 
changes the repetition interval of the pulses S>1 and $2 to minimize the current 
sense signal. Thus, the microprocessor 40 maintains optimum battery life by 
mmimizing the current consumed by the transmitter circuit 20. 

Referring to FIG. 3, showing the relative timing of the 01 and 3>2 pulses 
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and the current flowing in the inductor coil 30, the micro-controller 40 generates 
pulses $1 and <D2 at an interval which corresponds approximately to the natural 
resonant frequency of the resonant network formed by the LC tank 26 and the 
human body. By supplying the pulses $1 to the switches 32 and 38, while 
supplying the pulses <&2 to the switches 34 and 36, the switches are closed for a 
brief period of time, typically one-fifth the pulse repetition interval, and remain 
open for the remainder of the time. While the associated pair of switches, for 
example switches 32 and 38, are closed (pulse $1 is supplied thereto), a small 
current flows into the parallel resonant network which sustains oscillation thereof 
as shown by half-waves 54 and 56 of FIG. 3. When the pulses $2 are output 
from the micro-controller 40 upon expiration of the interval 58 from the pulses 
<& 1, the resonant network generates half waves 60 and 62 (the switches 34 and 36 
are closed). 

By constantly adjusting the driving frequency (repetition rate of the pulses 
<D 1 and $2) to the natural resonant frequency of the resonant network, consisting 
of the LC tank 26 and human body minimum current will be consumed by the 
transmitter circuit 20 in order to generate the carrier signal consisting of the half 
waves 54, 56, 60 and 62. The generated carrier signal may transmit digital data 
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using some form of amplitude modulation such as on-off keying, pulse position 
modulation, etc. 

Further current drain reduction can be obtained by increasing the pulse 
repetition interval of pulses <3>1 and <E>2 to sub-multiple (1 / 2 , 1 / 3, 1 1 A, etc.) of 
the natural resonant frequency of the LC tank 26, depending upon how much 
amplitude variation in the carrier signal may be tolerated by the system using this 
technique. 

Alternative to battery power, the transmission system of the present 
invention may be powered by power supply block 64 best shown in FIGS. 4 and 
5. In a situation where wireless transmitter scheme needs high current pulses 
which exceed the capability of normal low power device supplies, such as 
batteries, or when neither wall adaptors nor host equipment as power sources is 
available, the power supply block 64 may be employed which uses, as a low 
power source, the RS-232 signals from a host computer 66 combined with a high 
value storage capacitor 68 to provide power for the wireless medical data 
programmer (transmitter system) 10 described in previous paragraphs and shown 
in FIGS. 1 and 2. 

Referring to FIG. 4, the host computer 66 supplies power via the serial 
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RS-232 port 70 to the power supply block 64. Both terminals, DTR (data 
terminal ready) and RTS (ready to send) of the host computer 66 are set to 
provide a continuous voltage, typically +5 Volts on most state-of-the-art 
computers. The power supply block 64 includes a current limit switching circuit 
72 coupled to the host computer 66 to receive voltage therefrom at the input 74 
thereof. The output 76 is coupled to the storage capacitor 68 in order to supply 
charging current thereto. In order to limit the time required to fully charge the 
storage capacitor 68, a feedback circuit 78 consisting of an Analog-to-Digital 
converter 80 and microprocessor 82 is coupled between the storage capacitor 68 
and the current limit switching circuit 72. The Analog-to-Digital converter 80 
senses the charging current supplied to the storage capacitor 68, digitizes the 
sensed current and provides the digital data corresponding to the sensed current to 
the microprocessor 82. The microprocessor 82 monitors the digital data supplied 
from the Analog-to-Digital converter 40 and compares the monitored sensed 
charging current with a pre-set maximum level of the charging current for the 
duration of the charging time for the storage capacitor 68. When the sensed 
charging current falls below the pre-set maximum level thereof, the 
microcontroller 82 switches the current limit switching circuit 72 (as will be 
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described in following paragraphs) to adjust the charging current to a pre-set 
maximum level. By using this technique, it is possible to charge the storage 
capacitor 68 from the fully discharged state to the full potential supplied by the 
RS-232 interface in the least amount of time. Since this technique does not suffer 
voltage drops which would limit the ultimate voltage reached, the full voltage 
developed from the RS-232 signals is impressed across the storage capacitor 68. 

As shown in FIG. 5, representing details of the current limit switching 
circuit 72, the latter includes four resistors 84, 86, 88, and 90, which are 
connected in parallel using switches 92, 94, 96, and 98 which are typical FET 
switches set at predetermined values. The resistor 90 is typically of 0 ohm value. 
Thus, when the microprocessor 82 determines that the charging current falls 
below the preset maximum level thereof, the microprocessor 82 switches into the 
circuit one or several resistors (by closing the respective switches 92-98) in order 
to increase the charging current. 

Referring back to Figure 4, the Analog-to-Digital converter 80 in addition 
to monitoring the charging current, monitors the voltage across the storage 
capacitor 68, and when the monitored voltage reaches a predetermined value, the 
appropriate resistor(s) of Figure 5 will be switched into the circuit. The switching 
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decision is made in the microprocessor 82 using an algorithm the flow chart 
diagram of which is presented in Fig. 6 and which compares the output voltage 
with preset limits and selects the appropriate current limiting resistor(s) using 
switches 92-98. As an added feature, some hysteresis may be built into the 
algorithm to prevent switch "chatter" at the crossover point. 

As shown in Figure 6, the charging current 100 is supplied for processing 
from the analog-to-digital converter 80 to the microcontroller 82. The 
microcontroller 82 contains a predetermined charging current value 110 preset 
therein for comparison with the charging current 100. The charging current 100 
is compared with the preset charging current value 110 and the results of such a 
comparison are supplied to the logic block 120 "Is Charging Current Below 
Preset Value?". If the charging current is not below the preset value 1 10, the 
flow chart follows to the logic block 130 "Activate Switch 98". The activation of 
the switch 98, due to 0 ohm value of the limiting resistor 90, makes no changes to 
the charging current. If, however, the charging current is below the preset value 
110, the logic flows to the block 140 "Activate Switch 96". 

The microcontroller 82 monitors the charging current resulting from 
activating the switch 96, and compares it with the preset charging current 1 10 in 
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block 150 "Is Charging Current Below a Preset Value?" If the charging current is 
not below the preset value, meaning that the appropriate limiting resistor has been 
switched in by the switch 96, the logic flows to the block 190 "Output". If, 
however, the charging current is still below the preset value 1 10, the flow chart 
follows to the block 160 "Activate Switch 94" to switch the limiting resistor 86 
into the circuitry. 

The logic continues to monitor the charging current resulting from such 
switching, and follows to the logic block 170 in which the resulting charging 
current obtained by switching the resistor 86 into the circuitry is compared with 
the preset charging current value 110. If, the charging current is higher than the 
preset charging current value 1 10, the logic flows to the "Output" block 190, 
meaning that the appropriate limiting resistor has been switched into the circuitry 
for maintaining the charging current above the preset charging current value 1 10. 
If, however, in the block 170, the charging current falls below the preset value 
110, the logic follows to the block 180 "Activate Switch 92" to switch the 
limiting resistor 84 into the circuitry, and from the block 180 the logic flows to 
the "Output" block 190. 

As shown in Figs. 7 and 8, presenting the charging curve for initial power- 
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on, by using the technique of the present invention, a 0.47F capacitor may be 
fully charged in about 80 seconds from a completely discharged state. This value 
capacitor will have about 2.3 Ampere - seconds of capacity (to a fully discharged 
state). Thus, once charged, the storage capacitor 68 will supply the peak current 
needed by the transmitter circuit 20 without stressing the limited current 
capability of the RS-232 line. 

The transmitter system of the present invention may be powered by the 
battery or alternatively by the power supply block 64 using, as a raw power 
source, the host computer. The principles of both systems, presented in previous 
paragraphs can be combined to build a transmitter, shown in FIG. 4, in which, the 
capacitor 68, while discharging, supplies current to the resistor 24 of the 
transmitter circuit 20 to power the operation thereof. The transmitter circuit 20, 
shown in Figure 4, operates in the same manner as the transmitter circuit shown 
in Figures 1-3. 

The subject transmitter system is capable of generating maximum 
transmitter RF power while minimizing battery or other power source current 
drain. The system is suitable for digital data transmission between medical 
devices located in proximity with the patient's skin, while minimizing the effects 
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of the patient's body on the device operation. Use of frequency feedback control, 
such as feedback circuit 42, maintains maximum transmitter efficiency while 
minimizing battery current drain. The novel power supply block 64 for supplying 
large peak current to a wireless transmitter using a standard RS-232 interface and 
a large value capacitor permits monitoring the charging current and the time of 
full charging of the capacitor, as well as to maintain these parameters at 
predetermined desired levels. 

Although this invention has been described in connection with specific 
forms and embodiments thereof, it will be appreciated that various modifications 
other than those discussed above may be resorted to without departing from the 
spirit or scope of the invention. For example, equivalent elements may be 
substituted for those specifically shown and described, certain features may be 
used independently of other features, and in certain cases, particular locations of 
elements may be reversed or interposed, all without departing from the spirit or 
scope of the invention as defined in the appended Claims. 



